The Middle-Late Permian transition was marked by one of the major biotic crises of the Phanerozoic, comparable in magnitude with the so-called "Big Five" mass extinctions (Wang and Sugiyama, 2000; Yang et al., 2004) , and considered as the first step of the taxo nomic transition from the Paleozoic to the modem fauna of the Meso zoic (Knoll et al., 1996; Clapham and Bottjer, 2006) . In the oceans, 58% of invertebrate genera disappeared (Knoll et al., 1996) and nu merous groups of corals, bryozoans, brachiopods, bivalves, and am monoids were affected (Clapham et al., 2009; Isozaki, 2009) , with extreme extinction losses in the fusulinaceans Gin et al., 1994; Leven 2003; Lai et al., 2008) . On land, the floral communities of South and North China (Wang, 2009; Stevens et al., 2011) , Antarctica, and Karoo Basin (Retallack et al., 2006 (Retallack et al., , 2011 suffered notable changes, which were also observed in the record of terrestrial verte brates, although it is not clear that the continental and marine extinc tions were synchronous (Lucas, 2009 ). This biotic event is known as the end-Guadalupian extinction Gin et al., 1994; Stanley and Yang, 1994) . Qapham et al. (2009) recently suggested that the end-Guadalupian extinction was not an abrupt loss of taxonomic diversity but a gradual decrease in biodiversity from the Wordian to the end of the Perrnian. However, most other Permian researchers infer instead a rapid extinc tion event Gin et al., 1994; Retallack et al., 2006; Bond and Wignall, 2009; Wignall et al., 2009 ), though there is no consensus on the precise timing of the onset of the event or of its duration. For example, the main extinction level has been identified in the last part of the Guadalupian (Yang et al., 2004; Dongying and Wenchen, 2006; Retallack et al., 2006; Isozaki, 2009) , earlier in the Woardian-Capitanian transition (Gand and Durand, 2006; Lucas, 2009) and in the middle of the Capitanian Stage (Bond et al., 201Oa. b) , or even later in the early Lopingian (Nielsen and Shen, 2004; Kaiho et aL, 2005) . Lack of precise geochronological control of stratigraphic sections could be, in part, re sponsible for this disparity of opinions, although the most recent and de tailed studies in the marine realm, which are dated with conodonts and foraminifers, locate the extinction level in the mid-Capitanian (Middle Permian) (Bond et aI., 2010a; Wignall et aI., 2012) . Moreover, Wignall et aL (2012) find no evidence for an extinction event at the end of the Guadalupian, and suggest that previous claims for an end-Guadalupian mass extinction are based on poorly dated records of a mid-Capitanian event According to the most recent references (Bond et al., 201Da,b; Wignall et al., 2012) , the Middle Permian biotic crisis will be referred to as "mid-Capitanian" for the rest of this paper, even if other authors re ferred to it as "end-Guadalupian".
Similarly, the cause or causes of the extinction are also debated, al though the eruption of the Emeishan Large Igneous Province has been im plicated as the main cause by many authors (Wignall, 2001 (Wignall, , 2005 Ali et aI., 2002; Zhou et aI., 2002; He et aI., 2007; Wignall et al" 2009; Bond et a1.. 201 Oa; Sobolev et al... 2011) . Other extinction mechanisms have been also considered, such as the Kamura event, an episode of high pro ductivity on the ocean followed by global cooling (Pooomarenko, 2006; lsozaki et al, 2007; Oapham et aI., 2009) , oceanic anoxia (Wignall and Twitmett, 1996; Nielsen and Shen, 2004; Isozaki. et al., 2007) or sea-level changes (Hallam and Wignall 1999; Shen and Shu, 2005) . In the recent literature, there are many papers indicating that most of these perturbations approximately coincided with the main extinction event, maldng it difficult to lll1ravel the relative significance of each one individually (Lai et a1 .. 2008) , but recent works fOlll1d no evidence of an oxia (Wignall et al., 2010) and essentially leave volcanism as the prime culprit (Bond et al" 201Ob) .
However, there are some consistent signals among the better studied marine and continental sections, where Middle-Late extinc tions were marked by a large extinction event, followed by a relative ly sharp, large magnitude (>3%0) negative carbon isotopic excursion (Wang et aI., 2004; Kaiho et aI., 2005; Retallack et aI., 2006; Isozaki, 2009; Bond et al., 2010a) , and a rapid change of the paleoclimatic conditions. Recent works focused on Middle-Late Permian rocks point to paleo-environmental changes related to sea-level change, global cooling after a high productive episode, transition from high to low-sinuosity fluvial systems, and shifts toward warm-wet climat ic conditions in most continental records (Hallam and Wignall, 1999; Ward et al., 2000; Ret.111ack et al., 2006; Isozaki et aL, 2007; Lai et al., 2008; Retallack et aI., 2011) .
In this paper, we present a multidisciplinary study that includes stratigraphical, biotic and geochemical data in order to describe the temporal evolution of the continental environments of the Alcotas Formation, located in the Iberian Ranges, eastern Iberia. The results represent the first set of data from the continental Middle-Late tran sition in the western peri-Tethyan region.
Geological setting
During the Middle Permian-EarlyTriassic, the Iberian Plate was near the margin of the western part of the Tethys Sea, close to the intertrop ical convergence zone (Stampfli and Borel 2002; Dinares�Turell et al., 2005) . Due to the extensional collapse of the Variscan Belt and the west ward propagation of the Neotethys, a complex system of rift basins de veloped in Central and Western Europe (Ziegler and Stamptli, 2001; Vargas et al., 2009 ). On the Iberian Plate, three main rift systems accom modated a complicated Permian to Cenozoic record that, after tectonic inversion, formed the Pyrenean-Cantabrian mountain belt, the Catalan Coastal Ranges and the Iberian Ranges (De Vicente et al., 2009) (Fig. 1) . In the former Iberian Basin, a long sedimentary succession was deposit ed during the Early Permian time (Salas and Casas, 1993; Arche and L6pez-G6mez, 1996; van Wees et al., 1998) in localized zones with in tense subsidence, probably related to strike-slip tectonics (De Vicente et al., 2009) . These Early Penman basins developed on a deformed Var iscan basement composed of Ordovician-Silurian slates and quartzites that had been subjected to low-grade metamorphism (L6pez- G6mez et aI., 2002) .
As in the rest of the Iberian Peninsula, the Permian rocks in the Iberian Basin are mainly represented by alluvial fan and fluvial de posits, although some volcaniclastic units are also intercalated within early Permian sediments (Hernando et al., 1980; lago et al., 2005 (Arche and l6pez-GOmez, 1999) (Fig. 2) .
The Permian rocks in the SE Iberian Ranges, represented by the Tabarrefia, Boniches and Alcotas formations (Fig. 2) are well-exposed and preserve significant lateral extents (Fig. 1) . These units have been studied from a variety of different approaches including paleogeogra phy, paleotectonics, paleontology, and sedimentology (L6pez- G6mez and Arche, 1992 G6mez and Arche, , 1993a G6mez and Arche, , 1994 G6mez and Arche, , 1997 Benito et aL, 2005; L6pez-G6mez et aI., 200sa, b; De la Horra et al, 2008) .
The Alcotas Formation is unconformably overlain by Triassic rocks (Fig. 2) , so the Permian-Triassic boundary is not preserved in the study area. As in all of the western and central basins of Europe, this unconformity is represented by a hiatus that corresponds to the upper Lopingian, but which probably lasted until Olenekian time (L6pez- G6mez et al., 200Sb; Bourquin et al., 2011) . The first Mesozoic sedimentary record in the SE Iberian Ranges is represented by the Valdemeca Unit (De la Horra et al., 2005) , which consists of sandy and gravelly, channelized stream deposits with a radial pattern of paleocurrents, and unconfined sheet flood deposits. These character istics are interpreted as the result of deposition of a stream-channel alluvial-fan system. The presence of windblown desert sands and wind abraded clasts or ventifacts, together with the general absence of a vegetated cover, is suggestive of arid to very arid climatic condi tions during this period of time (Bourquin et al., 2011) .
The Cafiizar Formation (L6pez- G6mez and Arche, 1993b ) is the most representative continental unit of the Early-Middle Triassic in the Iberian Ranges. It is composed of red sandstones, which represent channel-fill deposits by means of migrating bedforms, mainly linguoid and transverse bars. Overbank fines and floodplain sedi ments are practically absent, and this unit is interpreted as sandy braided fluvial systems flowing to the SE.
Methodology
Seven lithostratigraphic sections of the Alcotas Formation were mea sured in detail, described in terms of sedimentology, and sampled for lab oratory analysis (Figs. 1 and 3 ). Where applicable, paleosols were identified using a combination of horizonation, color, root traces, and trace fossils, and classified into the USDA soil taxonomic scheme (Soil Survey Staff, 1999) . Our sampling includes both fossil specimens and fresh rock samples of representative profiles of paleosols, and samples of pedogenically unaltered sandstone. Some of our paleontological re sults, based on fragments of fossil plants and positive palynological data, have already been published (Dieguez and Barr6n, 2005; Dieguez and !.6pez-<; 6mez, 2005; Dieguez et aI., 2007) . Collected rod, samples were prepared for standard transmitted light microscopy, electron mi croprobe analyses (EMPA), identification of clay mineralogy by X-ray dif fraction (XRD), whole rod, geochemistry (ICP-DES/MS), and stable carbon isotope measurement (EA-IRMS).
Polished and uncovered 30-j.Ull thin sections were prepared for transmitted light microscopy and analyses in a jEOL JXA-8900M WD/ED electron microprobe with an accelerating voltage of 15 kV and a spot size of 5 J.Ull . Detection limits were 100 ppm for Mg, 250 ppm for Sr, 200 ppm for Mn, 250 ppm for Fe, and 140 ppm for Na. Bulk mineralogy was determined by X-ray diffraction (XRD) after grinding and homogenization of samples to <53 J.Iffi Random-oriented powders were examined on a Siemens Kristalloflex 810 diffractometer, using Cu-Ka at 30 kV and 40 mA, a step size of 0.03 C28), and time per step of l s (scan rate of l.8° 28 min -1 ). The clay mineral composition was determined on oriented aggregates of the <2 J.Ull fraction obtained by sedimentation from an aqueous suspension onto glass slides. In some cases, the samples were subjected to thermal treatment at 550°C for 2 h and to dissolution with ethylene glycol (EG). A slower scan rate (1.2° 28 min-1 ) was used between 2° and 13° 28 in order to obtain bet ter defined peaks. The intensity of the post-sedimentary processes was determined with the full-width-half-maximum (FWHM) of the illite lOAo peak (the so-called Kiibler index, KI), that was measured on the XRD patterns of the air-dried oriented aggregates using the Diffrac Plus EVA 10.0 software. Our raw data were recalculated after calibration using reference polished slate slabs according to the procedure suggested by Kisch et al. (2004) . The raw data can be transformed by the formula: y= 1.0059x -0.0493. Therefore, the lower and upper limits of the anchizone are 0.38° and 0.21 ° �28, respectively.
Geochemistry of major, minor, and trace elements of 44 paleosol samples were analyzed with a Perkin Elmer Optima 3300Rl Inductively Coupled Plasma-Atomic Emission Spectrometer (ICP-AES) located at the Royal Holloway University of London (RHUL). Analytical uncertainty was typically less than 0.1 wt.% for major elements, and 0.1-2 ppm for most trace elements. Stable isotope analyses followed standard proce dures where samples were rinsed, crushed, and decarbonated using weak (7%) HCl. The resulting residues were ground using a mortar and pestle and placed in tightly crimped tin capsules for analysis of the car bon isotopic composition of the samples at RHUL using an optima isotope ratio mass-spectrometer (IRMS) coupled to a Fisons NCS1500 elemental analyzer (EA). Results are reported in delta notation (e.g., o 13 C) relative to the VPDB scale and were calibrated using a combination of internal and international standards. Analytical uncertainty was less than 0.1 %0. All of the geochemical data are archived in the Data Repository.
Permian strata and age control
All of the Permian rocks of the SE Iberian Ranges are of continental origin. Although there are important hiatuses in the sedimentary record, the general stratigraphic nomenclature is well-defined (L6pez- G6mez and Arche, 1992, 1993a; Arche and L6pez-G6mez, 1996; L6pez-G6mez et aI., 2002; Benito et aI., 2005; De la Hom et al., 2008) . From base to top, three formations have been differentiat ed: Tabarrefia, Boniches and Alcotas Formations (Fig. 2) .
The Tabarrefia Formation crops out in a series of isolated and small basins separated by local highs of Variscan rocks. It is composed of clay matrix-supported red breccias with angular fragments of quartz ite and slate ( Fig. 2A) related to rockslide and debris flow processes, although fluvial strata have been recognized at the top of the unit (Lapez-Camez and Arche, 1994) . The Tabarrefia Formation has been included in the first major sedimentary cycle of the Iberian Basin and based on comparisons with other equivalent sediments in the NW Iberian Ranges, interpreted as of Lower Permian age (Arche et al., 2004 ). An angular unconformity separates these rocks from the overlying Boniches Formation.
The Boniches Formation is composed of clast-supported conglom erates of well-rounded quartzite clasts with a reduced proportion of slates « 1 %) only present in the beds close to the basement. The ma trix is medium-grained and arkosic, with minor components of illite, pyrophyllite and kaolinite in the clay-size fraction. These components occur in variable proportions in the lower and middle parts of the Boniches Formation, but in the upper part, the kaolinite and pyro phyllite show a clear and progressive decrease, disappearing at the top of this formation (Alonso-Azc.irate et al., 1997; L6pez-G6mez and Arche, 1997) . This formation represents the beginning of the sec ond sedimentary cycle in the evolution of the Iberian Basin (Arche and L6pez-G6mez, 1996) and lies unconformably on the Variscan basement of quartzites and slates or, locally, on the Tabarrefia Forma tion (Fig. 2B) . The age of the Boniches Formation has been established by pollen and spore associations as Thiiringian (Doubinger et al., 1990) . "Thiiringian" is a well-known western European term defined for Upper Permian pollen assemblages, but it is not a formally accept ed time unit Lucas et al., 20(6) . It is, however, com monly accepted that the Thiiringian correlates well with the Tatarian Stage of the Russian Platform, which in turn, has been broadly corre lated to the Capitanian and the Wuchiapingian (Menning et al., 2006; Ogg et al., 2008 ( Doubinger et al., 1990) , hence this formation is clearly older than the overlying Alcotas Formation (see below). The Alcotas Formation, with a thickness up to 170 m, consists of red mudstones and siltstones, intercalated red to pink sandstone levels with some conglomerate lenses located at the base of the west ern sections, and paleosols (Fig. 2) . Locally, the Alcotas Formation lies conformably on the Boniches Formation or unconformably on the Var iscan basement. In the study area, an unconformity separates the Alcotas Formation from the overlying Valdemeca and Cafiizar forma tions, which represent the stratigraphically lowest Triassic rocks. The age of the Alcotas Formation was estimated by means of different pol len and spore assemblages, which were identified as Thiiringian (Doubinger et al., 1990; Dieguez and Barron, 2005) , implying a Capitanian-Wuchiapingian age (;:::j Thiiringian).Although the applica tion of standard palynologic techniques in continental settings has a limited chronostratigraphic precision (Lucas et al., 2006) , recent stud ies (Arche and Lopez-G6mez, 2005) suggested an early Lopingian (Wuchiapingian) age based on comparison with the Russian platform assemblages studied by Gorsky et al. (2003) . In detail, Nuskoisporites dulhuntyi, which occurs up to the Middle Subunit of the Alcotas For mation, is restricted to the Middle-Late Permian of western, central and southern Europe, with first-occurrences not earlier than Wordian times (Poort et al., 1997) , and Potonieisporites, which is present in the Boniches Formations and absent in the palinological data of the Alcotas Formation and lateral equivalents, does not occur in the Zechstein (Doubinger et al., 1990) . Best estimations (Slowakiewicz et al., 2009 ) locate the base of the Zechstein at the Guadalupian Lopingian Boundary, and thus, based on microflora, the Boniches For mation is interpreted to be older than 260.4 Ma. On the other hand, a preliminary pal eo magnetic study of the Alcotas Formation (De la Horra, 2008) confirmed that the deposition of this unit was character ized by normal and reverse intervals of polarity. Frequent polarity changes were previously described by Turner et al. (1989) in the later al equivalent of the Alcotas Formation in northwestern sections. This fact implies that the Alcotas Formation is younger than the Illawarra Reversal that has been lately located very close to the Woardian-Cap itanian boundary (ca 265.8±0.7 Ma; Isozaki, 2009) 
Results and interpretation or the Alcotas Formation
The Alcotas Formation has been divided into three subunits:
lower (1.5), Middle (MS), and Upper (US) (Arche and 16pez-Gomez, 2005; De la Horra et al., 2008) . These subunits can be differentiated and laterally traced in most of the studied sections along the SE Iberi an Basin (Fig. 3) . In [he next sections we will describe [he Alcotas For mation in detail.
fluvial style
The sedimentology of the Alcotas Fomlation and its northwestern equivalents has been reviewed by Ramos (1979) , Perez-Arlucea and Sape"a (1985) , lopez-Gomez and Arche (1986) , Sopefia et al. (1988) , and l6pez-GOmez (1999, 2005) . In the SE Iberian Ranges, the three subunits of the Alcotas Formation show distinctive sedimen tological features and fluvial styles.
The oldest subunit (LS) consists of red siltstones with intercalated lens-shaped sandstone bodies 95-120 m wide and 4-6 m thick, with erosional bases and flat tops. Towards the bases of some stratigraphic sections, these bodies can be composed of conglomerates. In general, the rocks are composed of incomplete fining-upward sequences with trough and planar cross-stratification at the base and current ripples and silts tones at the top, which is generally bioturbated. These se quences are separated by meter-scale bodies of red massive siltstones with development of carbonate-bearing paleosols (De la HOIT a et al., 2008) . This part of the Alcotas Fomlation is interpreted as the result of permanent to semi-permanent sandy or gravely braided river systems crossing wide flood plain areas towards the SE. with instability of the ac tive channels and a high avulsion rate (Archeand 16pez-CDmez, 2005) .
A significant change in depositional style marks the transition be tween the LS and MS. The frequency of sandstone bodies in MS in creases and overall, there are fewer fine-grained sedimentary units. Dispersed quartz c\asts are abundant at the base of the sandstone bod ies. which show trough and planar cross-stratification, channelized ge ometries that may be single-or multi-storey, and white to greenish colors. In the MS, the fining-upward sequences are characterized by epsilon cross-stratification (lateral accretion) structures, with abundant plant remains, bioturbated tops, and large (up to 6 m long) fragments of silicified trunks (Dieguez and l6pez-G6mez, 2005) . The type of paleosols preserved also differs from the LS because they are poorly de veloped, with sandy textures, and lack carbonate horizons. The color of the silts tones also changes appreciably. because while the red color is still predominant, gray, black and green are very frequent. Finally, a wider range of paleocurrent directions is observed, varying from N60" to 265". This subunit is interpreted as permanent sandy fluvial systems of medium-high sinuosity, running through vegetated floodplains with isolated ponds.
The return to semi-permanent braided systems, with paleocurrents pointing to the SE. characterizes dle youngest subunit of the Alcotas Formation. Channelized sandstones are normally single-storey although multi-storey sandstones are locally observed. In general, they consist of decimeter-scale fining-upward sequences with trough and planar cross-stratification and clay rip-up clasts at their erosive bases. Sporadically. there are current ripples at the top. although these sequences are normally incomplete (Arche and lDpez-CDmez. 2005 ). Gray, black, and green colors are absent, and the rocks are generally dark red or purple in color. Bioturbation is almost absent; there is no coal, plant, or tree trunk that remains in this unit, and only scarce, isolat ed, and weakly developed non-carbonate paleosols are observed locally at the uppermost part of the nothwestem sections (De la Horra et at.. Figs. 1 and 3) .
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Paleobowny
The macro and microflora of the Alcotas Formation have been described in several previous publications (Doubinger et al.. 1990: Dieguez and Barr6n, 2005; l6pez-G6mez et at, 2005a; : Dieguez et al.. 2007 Diez et al . . 2007 ). Most of these de scriptions emphasize [he important sudden decline in the paleoflora content recorded at the MS-US transition.
Microflora
To date, only LS and MS have produced positive palynomorph as semblages (Fig. 3) . Moreover, in all the Iberian Peninsula. there are no younger palynological data recorded until the first Anisian (Middle Triassic) palynoflora (Doubinger et aI., 1990; Diez et aI., 2005 Diez et aI., , 2010  Grauvogel-Stamm and Ash, 2005: lDpez-G6mez et al.. 2005b).
.
T?e asse � blages of the Alcotas Formation are quantitatively nch 111 KJauslpollenites schaubergeri and Lueckisporites virkkiae. defin ing typical Thuringian palynofloras. Dieguez and 8arron (2005) dlfferentlated four associations that, from oldest to youngest, are ordered as follows: A-Klausipollenites-Lueckisporites. B-Alisporites Lueckisporiles, C-Klausipolleniles-faldsporiles and again D-Klausipollenites Lueckisporites (Fig. 3) . These palynomorph assemblages, mostly are domi nated by non-striate bisaccate pollen and veffilcate spores. comprising a1lochtonous elements derived fium upland levees , distal and drier parts of fIoodplains and extrabasinal areas that were inhabited by conifers. pteridosperms and other xerophyllous-mesophyllous plants (gnetopsids). Para-autoduonollS assemblages, including lympsids and some ferns typical of lowland environments, such as flood plains, are also represented.
In a broad sense, the pollen record indicates the presence of dense gymnosperm woodlands, which correlates well with the fact that co nifer forests of Majonicaceae, Utrechtiaeae and Ullmanniaceae were dominant in Europe during the Middle-late Permian (looy et al.. 1999) . In detail, the quantitative evaluation of Dieguez and BarrDn (200S) makes it possible to establish different stages in the vegeta tion dynamics of the Alcotas Formation. The A association, found in LS, corresponds with a low density forest. with scattered trees and very poor shrubland vegetation. The B association, obtained in the lower part of the MS, shows an increase in diversity and population denSity, as well as an increase of Iycopsids, interpreted as a clear expansion of humid environments. A decrease of the herbaceous veg etation (Iycopsids and ferns) is recorded by the C assoda.tion, al though a dense conifer forest, mainly composed of Pinopsida, is still present The younger D assodation records the lowest diversity of taxa and a dramatically reduced population denSity. lycopsids, ferns, � mnospelms and pteridosperms diminished considerably in po � ul � tlon. as well as all the groups of Pinopsida. Of these, only Majomcaceae, the producers of Lueckisporites virkkiae, remained with � similar number of taxa, because of its high ecological plasticity and hlgh adaptation to all kinds of environmental conditions.
Qualitative and quantitative analyses carried out by Dieguez and BarrDn (2005) indicate the absence of transitional floras between the C and D assemblages, and a profound dieback of taxa that ranges from 35% to 67% depending on the group, along with lower overall di versity within meters of the MS-US transition (Fig. 3) . As a result. Dieguez and BanDn (2005) identified that stratigraphic interval has at least a local biotic crisis.
Macroflora
. The pattern of change in both macro floral remains and palynolog lcal assemblages is similar. In spite of the low number of specimens and the poor state of preservation, the macroflora of the A!cotas Formation also shows important upsection changes in diversity and population density. Dieguez et al. (2007) observed four different zones in the Alcotas Formation, the oldest (A) is located in LS, and the other three (B to D) in MS. No macroflora remains have been identified from the US to date. Zone A comprises leafy shoots and cau les of gymnosperms, impressions of cordaitalean and utrechtiacean axes, sometimes highly carbonized, and well-preserved vegetative shoots. A significant increase in diversity and population density is observed in the next zone (B), which it is located in MS and shows re productive structures, remains of leaves, trunks and indeterminate caules of sphenopsids, cordaitales and conifers. Zone C records a sig nificant decrease in macrofloral remains, and the scarce specimens collected mainly correspond to silicified conifer trunk fragments, some of which are also carbon-rich. In the youngest zone (D), the low number of macrofloral remains basically corresponds to silicified trunks and vegetative shoots of Majonicaceae. Near the top of the MS a 6.2 m Dadoxylon sp. trunk shows the presence of lignin decay in the tracheids of the secondary xylem that have been interpreted by Dieguez and L6pez-G6mez (2005) as the result of activity of sapro phytic fungi, probably related to a generalized dieback of arboreal vegetation.
Mineralogy and petrography
The main mineralogical and petrographic characteristics ofLS, MS, and US subunits are summarized in Fig. 4 , which is based on field ob servations, QFR sandstone classification of 183 thin sections, and clay mineral identification by XRD.
The mineralogy of fine-grained sediments is basically constituted by detrital illite (38-84%), quartz (8-43%), albite (around 4%), (Figs. 3, and 4A) . Similar results were obtained by Alonso-Azcarate et al. (1997) , who related the presence of kaolin ite to the development of kaolinitic saprolites on the Variscan base ment of the source area formed under humid climatic conditions. The higher content of carbonate in LS is obvious in the field (Fig. :lC) due to the presence of several nodular and petrocalcic ped ogenic levels found in Inceptisols and Aridisols . The original mineralogy and texture of the carbonate have been altered by diagenesis, and now we observe coarse crystals of do lomite and/or magnesite. The carbonate precursor of some paleosols is preserved only in the Talayuelas section, where it is composed of non-ferroan and dark red luminescent dolomicrite. In addition, the uppermost paleosols of LS at the Landete section have lenticular pseudomorphs of siderite, which are now composed of goethite, cal cite, and ankerite (Benito et al., 2005) . Pseudomorphs of siderite are also frequently observed at MS in some stratigraphic sections, but not in the US. The presence of siderite in this subunit could indicate formation in a reducing environment, circum-neutral pH and high concentration of CO2 in the soil (Sheldon and Tabor, 2009) . Although the content of carbonate decreases significantly in the MS, with only scarce nodules and weakly developed paleosols, it is in the US where carbonates are completely absent in the study area (Fig. 4A) .
The presence of coal layers and pseudomorphs of pyrite is limited to the MS. Coal is generally preserved as dispersed filaments and lenses up to 2 cm thick, although in the Chelva section it can reach thicknesses of up to 40 cm. Pseudomorphs of pyrite, now altered to iron oxi-hydroxides, occur with metallic luster and dark red or black
., colors as euhedral crystals, with cubic habits, and size between 1 and 2 mm, although larger crystals (up to 1 cm) are also observed. Aggre gates of small pyrite crystals (0.3-1 mm) are also observed in thin sections. Apart from one thin level in the Talayuelas section, there are not gray/black and green siltstones in the IS, which is generally red instead ( Fig. 2C; Fig. 4A ). In contrast, dark gray/green colors are common in the MS (Fig. 2D) , usually in association with fossil plant accumulations, coal levels, pseudomorphs after pyrite, and iron-oxide mottled sandstones. All of these characteristics are essen tially restricted to the MS, and are characteristic of locally reducing or mixed redox conditions (Kraus and Aslan, 1993; . Sandstones of the Alcotas Formation mostly range in composition from subarkose to arkose, although quartz arenites and sublithic are nites are also present. A clear trend from arkoses to sublithic arenites is related to the paleocurrent direction towards the southeast (Fig. 4B.1) , which indicates that the sediments deposited further from the source area are increasingly compositionally mature. How ever, a higher proportion of feldspar is recorded in the MS with re spect to the other subunits ( Fig. 4B.2) . The increase of feldspar content is coincident with the change in fluvial style described by Arche and L6pez-Camez (2005) in the MS, and is probably related to the reactivation of the fluvial activity observed by Perez-Arlucea and Sopefia (1985) in sections of the Albarradn area. In the north western sections of the studied area, the return to semi-permanent braided systems described in the US is coincident with a change in the mineralogy of the sediments from the arkoses and subarkoses of the MS to a substantial proportion of greywackes in the US. The IS is characterized by well-developed Aridisols with calcare ous nodules (Rodeno pedotype) or petrocalcic horizons (Pedrizas pedotype) (Fig. 5) . Although both intrabasinal and extrabasinal pro cesses can influence depositional and erosion patterns and, thus, con trol the type of soil formed, in the Alcotas Formation a significant regional climatic imprint is observed. In the IS, the Rodeno pedotype is dominant. It contains abundant carbonate nodules at a shallow level «1 m) in the profile, and was classified by De la Horra et al. (2008) into the soil order Aridisol as a Typic Haplocalcid in the USDA Soil Taxonomy System (So il Survey Staff, 1999) . Although the recognition of the original mineralogy of the carbonate in the Bk ho rizons is difficult due to diagenetic alteration after burial (Benito et al., 2011) , the presence of pedogenic carbonate is an important feature that indicates relatively dry paleoclimatic conditions (Royer, 1999; Retallack, 2005) . Precipitation of carbonate in soils is mainly related to evapotranspiration, acidity of soil solutions, temperature, and availability of metal cations, all factors linked in some way to climatic conditions (RetaUack, 2001; AloI1So-Zarza, 2003; Sheldon and Tabor, 2009) . Observed field features and preservation of dolomicrite in some thin sections suggest that these paleosols originally were well-drained dolocretes, developed under an arid to semiarid climate, with seasonal precipitation and high evapotranspiration conditions (Benito et aI., 2005) .
A change in the type of paleosols occurs in the MS. In this subunit there is a predominance of weakly developed sandy paleosols that were poorly drained, lack calcareous horizons, and which formed under more humid conditions (Arenal pedotype). In contrast, paleosols are very scarce in the US. Only a few poor-developed soils, without calcareous horizons (Corralizas and Asadores pedotypes), are observed in the last meters of this subunit, but only in the north western sections Figs. 3 and 5) .
In modem soils, the presence of carbonate is generally an indica tor of some seasonal degree of aridity, because under constant wet conditions carbonate is not stable (Goudie, 1973; Mack and james, 1994; Retallack, 2001 Retallack, , 2005 AloI1So-Zarza, 2003) . On the basis of this, many authors have developed different methods to estimate the Mean Annual Precipitation (MAP) from carbonate paleosols of different ages. The measurement of the depth from the surface to the carbonate precipitation level has been widely applied (Retallack, 2001 (Retallack, , 2005 Alonso-Zarza, 2003) because the depth of this horizon below the surface reflects the depth of wetting of the soil by available water, and therefore under dry climates, the calcic horizon is closer to the surface than in wetter paleoclimatic conditions (RetaUack, 2001) . Although this method has inherent limitations (e.g., incomplete profile preservation; Royer, 1999; Retallack, 2001) in general terms soils receiving less than 760 mm yr-1 would have discrete carbonate horizons (Mack and james, 1994; Royer, 1999; Alonso-Zarza, 2003) . Dispersed nodular carbonate will only form lll1der wetter conditions if the climate was strongly monsoonal (e.g., Driese et al., 2005; Retallack, 2005) or if the paleosol represented an aggradational sUI face, therefore the upper bolll1dary mean-annual-predpitation value for calcrete formation is estimated to be around 1000-1200 mm yr-l (Royer, 1999; Retallad<, 2001; Alonso-Zarza, 2003) .
In order to calculate the MAP, we have measured the depth to the carbonate horizon from the surface of the paleosol and applied the transfer function of Retallack (2005) , which is considered a reason ably accurate proxy (R 2 =0.52). The mean annual range of precipita tion or seasonality is inferred from the thickness of soil with nodules (RetaUack, 2(05). We have corrected the effect of burial compaction in each profile using the method of Sheldon and Retallack (2001) . Be cause there are no carbonate-bearing paleosols in the US, only the re sults obtained from the IS and the lower part of the MS are plotted in Fig. 6 . Calculated MAP values range from 237 to 499± 147 mm yr-1 , indicating arid to semiarid conditions. The highest MAP and seasonal ity values were found in the basal part of the Alcotas Formation, which also preserves kaolinite, a mineral typically indicative of soils under MAP regimens over 500 mm yr -1 (Retallack, 2001) . The lack of paleosols in the US in every section makes it difficult to interpret the paleoclimatic conditions, however, in the northwestern sections, the studied paleosols have drab-haloed root traces, greenish mottling and desiccation cracks, suggesting moderate to good drainage condi tions and seasonal waterlogging, consistent with pale precipitation estimates from paleosol chemistry (see Section 5.5).
Bulk-rock geochemistry of paleosols
A number of different proxies based on bulk-rock geochemistry of paleosols have been derived for reconstructing paleoenvironmental and paleoclimatic conditions (reviewed in Sheldon and Tabor, 2009) , and have been applied previously to Permian-Triassic conti nental rocks (Retallack et aI., 2003; Sb(,lcton, 2005 Sb(,lcton, , 2006 Coney et al., 2007) . However, in order to exclude sedimentary inheritance or a provenance change as the primary cause of geochemical variabil ity, a number of other factors must be carefully considered, including sample grain size, diagenesis, and the presence of pedogenic carbonate.
The addition of clastic sediments to paleosols from source areas of different composition could produce geochemical variations in their profiles that would otherwise be interpreted in terms of pal eoenvironmental change. One way to investigate this issue is through the use of major and trace element ratios. For example, the molar ratio of Ti to Al, where both elements are typically immo bile during chemical weathering, should be constant in samples with the same parent material (Tabor et al., 2004; . Other proxies based on ratios between trace elements of similar
c: solubility include La/ee, Vb/Lu, and SmjNd. None of these ratios vary significantly either stratigraphically or laterally (Supplemental Table 2 ), which suggests a common provenance for all of the paleosols. Although the geochemical results indicate a similar composition in source area for all of the paleosols, there are geochemical variations between different types of paleosols (e.g., as a function of maturity) and as a function of profile depth through different horizons. Previous sedimentologic work suggests that the variations between pedotypes are mainly due to differences in texture and the presence of carbonate horizons . These features could be related, in turn, to environmental conditions, formation time, and paleogeo graphic position in the landscape. With respect to grain size, the Arenal pedotype (Figs. 3 and 5: V-1, L-S) has a sandy texture, whereas the Corralizas and Asadores pedotypes (Figs. 3 and 5: V-2, V-3, V-4) are clayey to silty paleosols with a minor content of small-medium size grains, and the Tabernilla, Rodeno, and Pedrizas (Figs. 3 and 5: H-1, H-2, L-1, L-2, L-3, L-4) are mainly clayey paleosols. Therefore, the variation of the weathering index Si/(Al + Fe), which is commonly high in sandy soils and low in clayey ferruginous soils (Retallack, 2001 ), is mainly due to the variations of grain size (Supplemental Tab!e 2).
The intra-profile variations are instead interpreted as evidence of pedogenesis: accumulation of secondary carbonate in Bk and K hori zons, clay illuviation into B horizons, or subsurface leaching. Paleosols of the IS have thick Bk and K horizons and therefore, higher molar (Ca + Mg)jAl values than those of the MS and US. The accumulation of Ca and Mg results in sharp decreases in Si, Al, Na, K, and Ti in the Bk and K horizons (Supplemental Table 1 ). Similarly, evidence of clay illuviation can be resolved using the molecular ratio of alumina to bases (Al/(Ca +Mg+K+Na)) in paleosol B horizons. A molar ratio of aluminajbases of > 2 is found in mature and deeply weath ered soils like Ultisols and Oxisols, but in fertile soils of moderate de velopment, it is less than 2 (Sheldon et al., 2002) . Evidence of illuviation is most pronounced in profile H1 (Fig. 5) , which is consis tent with the presence of kaolinite in the lower part of the IS (Figs. 3  and 4) . The other paleosols instead have aluminajbases ratios of <2, with the L1, L2, 13, L4 and H2 profiles preserving low aluminumj base ratios consistent with having been alkaline soils under arid and semiarid paleoclimatic conditions (e.g., Retallack, 2001 ). error of the climofunction is ± 235 mm yr-t, the geochemical results still imply systematically higher MAP than the Bk depth results. This relationship between the two proxies has been noted before (e.g., Sheldon and Tabor, 2009 ). However, in the IS both methods show a progressive tendency towards more arid conditions from a humid cli mate with marked seasonal regimes interrupted by a humid episode in the MS that coincides in the field with the lack of carbonate paleosols and the presence of coal layers, so both proxy results are consistent with the sedimentological evidence. In general, though the geochemical results are nominally less precise, comparison with independent proxies (e.g., paleobotanical MAP estimates) suggests that the geochemical results are generally more accurate (Sheldon et al., 2002; Driese et al., 2005) . Another means of assessing weathering intensity (i.e., leaching) is with the Ba/Sr ratio, because both elements have similar chemical and atomic properties, but Sr is significantly more soluble than Ba (Sheldon and Tabor, 2009 ). Thus, a leached horizon should have a high Ba/Sr ratio when compared to the parent material or C horizon. Values of Ba/Sr in excess of 2 are found in sandy texture soils and under acidic conditions (Retallack, 2001) . Fig. 7 A shows the Ba/Sr ratio obtained from the subsurface B horizons of the paleosol profiles. Well-developed paleosols, such as the Pedrizas pedotype (H2 and L3) and the Rodeno pedoype (H1), show high values of Ba/Sr, indicative of strong leaching conditions in the LS. High values are also found in the MS (L4 profile), but in general due to the sandy texture of its paleosols the Ba/Sr ratio is around 2. Anomalous values <2 are charac teristic in the upper part of the US. It is important to point out that those very low Ba/Sr values in the US cannot be interpreted as varia tions in chemical weathering intensity because they are related to the Sr enrichment observed in the paleosols of this subunit (Fig. 7B) , which was essentially constant in the MS and the LS.
In the MS and the US strontium and phosphorus are strongly cor related. The P20S/Sr correlation coefficients of the subunits are: LS = 0.30, MS= 0.79, and US= 0.94. In the Triassic Cafiizar Formation, high contents of Sr and P20S have been recently related to the presence of aluminum-phosphate-sulfate minerals (APS) that are solid solutions among svanbergite, woodhouseite, goyazite and crandallite (Galan-Abellan et al., 2009) . Those studies indicate that the formation of the APS minerals took place shortly after sedimentation, during a period of increased weathering (with low pH and oxidizing condi tions), and that the APS precipitation is associated with increasing amounts of La and Ce. To date, we have not found APS in the Alcotas Formation, and the Sr variations are not related to changes in the abundances of La and Ce (Fig. 7B) . Although we have not observed any petrographical criteria, the variations of P20S and Sr in US are best explained by an external input. The increase of P20S could be re lated to changes in the concentration of detrital phosphate-rich ac cessory minerals like apatite, but the source of Sr is more difficult to explain. However, the increasing of these elements could be related to a volcanic event. Air-fall volcanic ash might be a likely source of strontium and probably a complementary source of phosphorous in our samples. Recently, in the eastern area of the Iberian Ranges, Lago et al. (20l l) have described the presence of subvolcanic rocks intercalated with the upper part of the Alcotas Formation. Although the time of emplacement of the basaltic andesite sills is uncertain as radiometric ages are not still available, these authors suggest that the emplacement of the sills took place soon after sedimentation. Al though further studies are required, the possibility of a link between volcanism and the observed perturbations in the US of the Alcotas Formation is very tempting.
Carbon isotopes
In the recent literature there are many examples of marked negative 0 13 C excursions of stable carbon isotopes linked to the biotic crisis level at the Permian Triassic Boundary (FIB) in marine environments (Baud et al., 1989; Erwin, 1993; Kaiho et al., 2005; Yin et aL, 2007) , and relatively few for the mid-Capitanian (Bond et al., 2010.; Wignall et al, 2012) . Gen erally this intra-Capitanian event in marine rocks is related to a negative excursion that occurred in two or three steps following lll1usually high positive 0 13 Ccar b values (Bond et al., 2010a) , interpreted as a high bio-productivity event known as the "Kamura event" (Isozaki et al., 2007 , Isozak� 2009 ). This Middle to Late Guadalupian event suggests a burial of a huge amOlll1t of organic carbon, draw-down of atmospheric CO2 and a drastic global cooling that could be the cause of extinction of large-shelled Tethyan fusulines and bivalves adapted to warm dimate. Negative carbon isotopic excursions of at least -4%0 in 0 13 Corg are best explained by a release to the atmosphere of large amounts of methane of very isotopically depleted composition (0 13 C_ -60%0), that would reduce the average 0 13 C composition of the atmosphere (Retallack et al, 20Cl6) . However, the consistent gradual decline of values described by Bond et al. (2010a) in South China is best explained by a thermogenic source.
Considering a continuous carbon exchange between the atmo sphere, the hydrosphere, and the biosphere, samples of different li thology and fossil contents were collected, with the expectation that an atmosphere with very isotopically depleted 0 13 C composition should produce a profound isotopic variation regardless of the stud ied material. Fig. 8 shows the [PCorg isotopic results of our study (data are in Supplemental Table 3 ). While there is significant variabil ity in the values ranging from -20.09 to -28.28%0, there is no large magnitude negative excursion as in other continental Permian sites (Retallack et al., 2006) . All of the heaviest values come from coals, ranging from -20.83 to -21.08%0 5 13 Corg, or from samples of frag ments of stems ( -20.09 to -21.95%0 5 13 Corg). The lighter values all come from detrital samples, and there is a systematic offset between the two types of data. There are two non-diagenetic explanations for this discrepancy. Fire (i.e., charcoalificaton) may shift the isotopic values of organic matter by >+3%0, however, it seems unlikely that only the recognizable fossil plant material would have been impacted by fire. A second possible mechanism would be from selective micro bial decomposition (e.g., Wynn, 2007) , which leaves residual carbon enriched (i.e., shifted positive) relative to its initial composition. The third possibility for this discrepancy is diagenesis. Given that the pedo genic carbonates of the Alcotas Formation show consistent petrographic evidence for diagenetic alteration (Benito et al., 2005 (Benito et al., , 2011 , this could also explain the two distinctive pools of 5 13 COrg data, because whereas the stem and coal values are anomalous relative to other continental end-Guadalupian sites, the detrital values match the range commonly observed at both high-and low-paleolatitude sites elsewhere.
In the Iberian Basin we have not detected a profound negative shift in the carbon isotope data. Instead, the minor shifts in the 5 13 Corg values are more likely to be related to changes in the paleocli matic conditions, paleovegetation, or water availability. The absence of negative shifts will be discussed in Section 6.
Paleoclimatology
The climate during the deposition of the Boniches Formation, the Valdemeca Unit, and the Cafiizar Formation has been described previ ously in L6pez- G6mez and Arche (1993b , 1997 ), L6pez-Comez et al. (2002 , Bourquin et al. (2007 , 2011 ), Linol et al. (2009 , and refer ences therein. A generally humid paleoclimate is supported by inter nal sedimentary structures of the conglomerates, which indicate frequent depositional events, and the lack of arid-paleoclimate indi cators such as ventifacts, desert varnish on pebbles, or evaporate de position, limited preservation of easily weatherable minerals (e.g., K-feldspar and biotite), and abundant kaolinite (Alonso-Azcarate et al., 1997; L6pez-G6mez and Arche, 1997).
Well-developed carbonate paleosols with thick petrocalcic horizons are found in the transition zone between Boniches and Alcotas forma tions. Petrocalcic horizons are commonly associated with long-lived soils formed under arid to semiarid climates (Cite et al, 1981; Retallack, 2001) . However, in the formation of certain types of laminar calcretes, the activity of root systems and other micro-organism is es sential (Wright et aI., 1988; Jones, 1992; Mack and James, 1994) , and therefore humid conditions during some part of the year, suitable for this kind of vegetation, cannot be ruled out in the lower part of IS . This possibility is supported by a large number of multi-storey bodies in the infilling of channels, with noticeable reac tivation surfaces and erosive bases (Arche and L6pez-G6mez, 2005) . Moreover, in the Rodeno paleosols of this lower part of the IS, the Bk depth is greater than in the upper part of the IS. This shift to more arid conditions through the IS is also supported by palynological data that correspond to a depauperate coniferous forest without shrub land vegetation (Dieguez and Barron, 2005; De la Harra et aI., 2008) .
In contrast, in the MS forest vegetation was accompanied by dense shrubland vegetation of lycopsids (Oieguez and Barron, 2005) , suggesting a return to humid climatic conditions. This vegetation shift was accompanied by a sedimentological shift to highly sinuous, meandering-stream deposits. Both Bk depths and paleosol geochem istry also indicate wetter conditions (Figs. 5 and 6), which are further supported by the presence of siderite in paleosols, black and green mudstones, coal flakes, pyrite, a loss of carbonate paleosols in the middle and top of the MS, and the predominance of sandy pedotypes (Fig. 4) (Benito et al., 2005; L6pez-G6mez et al., 200Sa; De la Horra et al.,2 (08) .
Although there are relatively few paleoclimatic indicators in the US, humid paleoclimatic conditions are inferred throughout the unit based on the lack of pedogenic carbonates, pal eo precipitation values > 800 mm yr-1 based on paleosol geochemistry, and the relatively poorly developed paleosols. In the Valdemeca section (Figs. 3 and 5 ) the paleosols have drab-haloed root traces, greenish mottling, slick ensides, and desiccation cracks, suggesting moderate to good drain age conditions and seasonal waterlogging (various; e.g., Kraus and Asian, 1993; . wet-dry cycles recorded. The first, of short duration, was related to the wet alluvial fans and gravel-bed braided rivers of the Boniches Formation (L6pez-G6rnez and Arche, 1997) . A period of arid and semiarid palaeoclimatic conditions, where aridisols developed during the sedimentation of the LS, separates this first wet phase from the second wet event, which coincides with the MS. During the second wet phase the oligotrophic and depauperate vegetation of LS shifted to dense conifer forests with abundant shrub land vegetation adapted to high-humidity conditions (Oieguez and Barron, 2005) . In these wetter environments, peat-forming plants accumulated and coals were formed. Although they are rare and thin, the coals are the last observed in Iberia until Middle Triassic times. The palaeoclimatic in dicators in the US are consistent with a seasonal climate with alterna tion of humid and dry conditions. However, it is important to point out that the coal, macro-and microfloral remains, and the paleosols that characterized the IS and the MS of the Alcotas Formation are not preserved at all in the rocks of US in all the Permian SE Iberian Basin. Furthermore, the second humid phase is coincident with a local biotic crisis, detected by an important decrease in the amount and diversity of palynomorphs (Oieguez and Barron, 2005) , macro-flora (Dieguez et al., 2007) , and absence of paleosols .
In order to establish correlations with other basins three key ques tions should be considered: 1) what is the precise age of the rocks? 2) Are we dealing with an extinction event in the Iberian Basin or just with a local facies change that affected the palynomorph record? 3) If finally there is an extinction event, is it just local, or could it be re lated to a global event? With reference to the first key question, the correlation of continental successions without an accurate datation of the rocks could be theoretical rather than demonstrable. One diffi culty in particular comes from the need to correlate continental suc cessions with marine given that all of the Permian index fossils are marine, and as a result continental succession has traditionally had poor or inadequate age model precision (Lucas et al., 2006) . Examples of this problem range from potentially intractable (Tabor et al., 2011) to unresolved, but potentially resolvable with further work (Yang et al., 2010) . As observed in Section 4, without marine correlations, the difficulties of dating continental rocks are enormous and further work should be required to get a better age constraint. However, based on the combination of palinological and pal eo magnetic data, in this study we locate the lower part of the Alcotas Formation in the period of time between 265.8 and 260.4 Ma, close to the Middle-Late Permian transition. In addition, the use of sedimentary indicators of palaeoclimatic conditions can provide powerful tools for correlations . Recently, Slowakiewicz et al. (2009) published a recompilation of broad paleoclimatic trends during the Middle-late Permian in a wide area that spanned Polish, German, and USA Western continental basins. These authors differen tiated two wet phases at the base of the Capitanian Stage, and at the GlB. They correlated this latter event with the one described by Retallack et al. (2006) in Antarctica and South Africa, and probably with the humid conditions and the coaly fades recorded towards the end of the Capitanian by lai et al. (2008) . At this respect, the regional shift to a wetter climate recorded in the MS is coinddent with the relatively fast climatic change from arid and semiarid climate conditions to a humid paleoclimate recorded in Central and Western Europe ( Fig. 9 ; Schneider et al., 2006; Slowakiewicz et al., 2009) , and could be related to the global climatic changes recorded in other parts of Pangea (Racki and Wignall, 2005; Retallack et al., 2006; Isozaki et al., 2007; Lai et al., 2008) . Based on the multidisdplinary data used in this paper, the interpreted paleoclimatic curve for the Alcotas Formation (Fig. 9) , and its proximity to the Middle-Late Permian transition, we consider that the humid paleoclimatic phase observed in MS is likely equivalent to the Guadalupian-lopingian humid phase of Slowakiewicz et al. (2009) . On the other hand, chemostratigraphic data showing significant negative excursion have been used to describe the periods of time re lated to biotic crisis, as the FIB, the GLB, and the mid-Capitanian (Baud et al., 1989; Retallack et al., 2006; Bond et al., 2010a,b) . This is not possible in the Iberian Basin, because we have not detected any profound negative shifts in the Alcotas Formation. The absence of sharp negative excursions could be due to three possibilities. The first one, and more probable, is that we have missed the levels with very low 5 13 COrg values because our data set is rather coarse or be cause the minor unconformities of the fluvial fades did not preserve the 5 13 Corg negative excursions. Another possibility is that the biotic crisis observed in the Alcotas Formation is an event that was not linked to an alteration of the 5 13 Corg, and the third possibility is relat ed with the old problem of dating continental rocks. To our best knowledge, we are dealing with a time of sedimentation very close to the Middle-late Permian transition. In that period of time, two main 5 13 Corg excursions have been previously described. One located at the GLB and another at least 1 Myr earlier (Bond et al., 201Oa) . However, the Alcotas Formation could be located at the beginning of the Wuchiapingian. In that case, we could have missed the mid-Capitanian and GlB negative excursions and the biotic crisis could be related to the time of perturbations that followed the Middle Permian extinction. Without a better age constraint, this question is very difficult to unravel.
The second key question is related to extinction and taphonomy. Taphonomy refers to the effects of the palaeoenvironment on the preservation of the fossil record. A climate controlled change of the fluvial style could also change the plant taphonomic character and thus, the Iberian palynological record. Therefore, in the US, how can we be sure that the lack of organic remains is not related to a local fa des change? The first evidence of a real extinction event comes from the detailed study of Dieguez and Barron (2005) that, below the tran sition between the MS and the US, describes a dieback of diversity that ranges from 35% to 67% depending on the group and a 75% de cline in the population density. This change in the palynological re cord is also accompanied by a high accumulation of mega-plant remains but always within the similar palaeoclimatic humid condi tions and meandering fluvial style. In addition, the sedimentological characteristics of the US are comparable to the LS of the Alcotas Formation, where macro-and microflora have been recovered. Therefore, the absence of organic remains cannot be explained by sedimentological reasons that prevented their preservation. More over, the return of the braided systems in the US is not joined by a dras tic change in the climate (Fig. 9) and, in fact, this change of fluvial style is probably related to a rapid diebacl< of the floodplain vegetation. Epi sodes of extensive plant die-off has been proposed as the main cause of the vertical transition from high-sinuosity rivers to sandy braided river systems during the Perrnian-Triassic transition in the Karoo Basin, South Africa (Smith, 1995; Ward et al., 2000) , Australia (Michaelson, 2002; Ret; lllack et aI., 2011) , and Antarctica (Retallack et al., 2005; . A dieback of vegetation also has direct consequences for the preservation and type of paleosols. The US pre serves only a few very weakly developed paleosols in the upper part of the Alcotas Formation in the northwestern sections (Fig. 3) .
Finally, if the two previous main points of this discussion are con sistent with an extinction event in a period of time close to the Middle-Late Permian transition, we can address the last of the key questions. Is this extinction a local event or could be related to the mid-Capitanian global perturbations described in terrestrial and ma rine settings by Bond et al. (2010a,b) ? This question is, probably, the most difficult to answer because we have to deal with the uncer tainties in the datation of the Alcotas Formation. However, beginning with Retallack et al. (2006) , there has been a growing consensus about criteria for identifying the mid-Guadalupian extinction in con tinental settings that include: 1) dramatic biodiversity decline or mass extinction in both flora and fauna, 2) shift from high-sinuosity meandering to braided fluvial systems, 3) evidence for enhanced chemical weathering, 4) evidence for wetter climatic conditions, 5) and a large magnitude negative shift in the composition of [ P Corg (typically> -3%0, but sometimes smaller, e.g., RetaUack et al., 2011) . In the SE Iberian Basin, we have observed all of these criteria in the transition from the MS to the US except for the [ P Corg shift.
However, the data presented in this article show that the characteris tics of the extinction interval are observed in all the Iberian Basin, and thus we interpreted this biotic crisis of regional character. If this in terpretation is correct, then the only identified crisis in this period of time is the "mid-Capitanian" one. We are aware of the poor age constrain of the Alcotas Formation sediments, but they contain the time interval when the aforementioned crisis happened and provi sionally assigning the Iberian extinction event to the mid-Capitanian biotic crisis is the only plausible hypothesis. The mid-Capitanian extinction scenario has been linked to the Emeishan large igneous province (WignaU, 2001; Ali et al., 2002; Zhou et aI., 2002; Lai et aI., 2008; Bond and Wignall, 2009; Wignall et aI., 2009; Bond et aI., 201Db; Wignall et aI., 2012) . Although the ad dition of a volcanic aerosol could provide the extra strontium and phosphorous found in the US, we have not observed any evidence of volcanic glass in the thin sections that we have examined and, therefore we do not have direct evidence for the Emeishan volcanic event. However, another possibility is the existence of a volcanic event located closer to the area of study. Recently, a multiple basic to intermediate sill has been reported for the first time in the south-eastern Iberian Ranges. Radiometric dating of the sill is not fea sible due to its significant alteration, but field criteria suggest an em placement coeval to the deposition of the Alcotas Formation, something that is still to be proven (Lago et al., 2011) .
Major efforts, including a complete palaeomagnetic study, higher resolution o 13 COrg analyses, and detailed studies of possible volcanic source, should be required in the Iberian Basin and other continental Permian basins, in order to clarify some of the events that character ized this period of time on land.
Conclusions
Study of Middle-Late Permian continental rocks of the Alcotas Formation in the SE Iberian Basin reveals a regional paleoclimatic change from arid-semiarid to humid conditions, and a shift to a more intense weathering, as indicated by mineralogical and geo chemical data, the absence of carbonate-bearing paleosols, the pres ence of pyrite-and coal-rich levels, and an increase of lycopsids. During this shift to a humid paleoclimatic phase, a biotic crisis de scribed on the basis of palynological analysis is correlated in the whole basin with the absence of macro-and microflora, coal levels, paleosols, and with a change of fluvial style from meandering to braided systems that is similar to sites in Antarctica and South Africa (Retallack et al., 2006) . Based upon palynological and paleosol results, and comparison with other marine and continental records, this cli matic shift is associated with the mid-Capitanian mass extinction event. In contrast to other marine and continental records, we find lit tle evidence of a significant negative o 13 Corg shift associated with the extinction, although given that the magnitude of the shift is regional ly variable (e.g., de Wit et al., 2002 vs. Retallack et aL, 2006 , our re cord does not preclude a significant carbon cycle reorganization, nor does it allow us to pin down a definitive causal mechanism. However, given the significant climatic shifts observed in Iberia and in a num ber of other continental records, and the approximate synchroneity of the emplacement of the Emeishan Traps in China, we find this to be the most likely explanation for the observed extinction event.
Supplementary data to this article can be found online at http:// dx.doi.org/l D.l 016/i.gloplacha.2012.06.D08.
